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Let’s build 
systems that 

interface with 
reality

Gonzalez-Franco, M., & Lanier, J. (2017). Model of illusions and virtual 
reality Frontiers in psychology, 8, 1125.



Gonzalez-Franco, Mar, et al. 2017 "Immersive mixed reality for manufacturing 

training." Frontiers in Robotics and AI 4: 3.



FPV Drone navigation in VR

Smolyanskiy, N., & Gonzalez-Franco, M. (2017). Stereoscopic first person view system for drone 

navigation. Frontiers in Robotics and AI, 4, 11.

Modified DJI S900 hexacopter (right) with the stereo camera and the Tegra TK1 
embedded board attached (left). 28–30 frames per second encoding speed at 1,600 ×
1,080 resolution per camera/eye



Ramon y Cajal - Nobel Prize

Let’s build 
systems that 

interface with 
reality

Let’s build 
systems that 

interface 
between the 

brain and  
reality

Gonzalez-Franco, M., & Lanier, J. (2017). Model of illusions and virtual 
reality Frontiers in psychology, 8, 1125.



Alice  Detector - CERN





Perception



Sensory Dominance

Cortical homunculus by Sharon Price-James



David R Tribble

Sensory Expertise



Ramon y Cajal - Nobel Prize



Ramon y Cajal - Nobel Prize

Fetsch et al. (2013) 
Nature Rev. Neurosci



Stein, Barry E., and Terrence R. Stanford. "Multisensory integration: 

current issues from the perspective of the single neuron." Nature 

Reviews Neuroscience 9.4 (2008): 255-266.



Proprioception
Sight

Cognitive Latency to
measure VR system latency

Gruen, Ofek, Steed, Gal, Sinclair, M Gonzalez-Franco*, 2020. Measuring System Visual 

Latency through Cognitive Latency on Video See-Through AR devices. IEEE VR

https://github.com/microsoft/Microsecond-Arduino-Latency-Clock

https://github.com/microsoft/Microsecond-Arduino-Latency-Clock


Visual dominance + 3D audio

Gonzalez-Franco, et al. 2017 "Concurrent talking in immersive virtual reality: on the 
dominance of visual speech cues." Scientific reports 7.1: 3817.

Sight Hearing

LIP CONDITIONS

Synch 14 % errors

Asynch 30% errors

NoLips 20% errors

Coordinate response measure (CRM) corpus

Ready Charly, 

go to, red 2

now 

Ready Laker, 

go to, blue 3

now 

Gonzalez-Franco, M. (2017) Corpus Data for: “Hearing lips: on the 
dominance of vision in immersive cocktail party phenomena” Harvard 
Dataverse, doi:10.7910/DVN/KHXBBB .

https://doi.org/10.7910/DVN/KHXBBB


Visual dominance
Recalibration of 3D Audio

Berger, C.C., Gonzalez-Franco, M., Tajadura-Jiménez, A., Florencio, D. and Zhang, Z., 2018. 
Generic HRTFs may be good enough in virtual reality. Improving source localization
through cross-modal plasticity. Frontiers in neuroscience, 12, p.21.

Sight Hearing



Soundscape

Clemenson, Maselli, Fiannaca, 
Miller, Gonzalez-Franco, (in 
review). Rethinking GPS 
Navigation: Creating Cognitive 
Maps Through Auditory 
Clues. PlosOne

Sight Hearing
https://www.microsoft.com/en-us/research/product/soundscape/

https://www.microsoft.com/en-us/research/product/soundscape/


we can stimulate different strengths

TouchSight



Berger, Gonzalez-Franco et al. (2018) The Uncanny Valley of Haptics



Our exploration with controllers in VR
brings to the conclusion that we can reach an uncanny valley of haptics



Let’s build 
systems that 

interface with 
reality

Gonzalez-Franco, M., & Lanier, J. (2017). Model of illusions and virtual 
reality Frontiers in psychology, 8, 1125.

Let’s build 
systems that 

are impossible 
in reality

Let’s build systems 
that interface 

between the brain 
and  reality



McDuff, Hurter & Gonzalez-Franco (2017) 

“Pulse and Vital Sign measurement in mixed reality using a HoloLens” ACM VRST



Marwecki, S, et al. "Mise-Unseen: Using Eye Tracking to Hide Virtual Reality Scene Changes in Plain 

Sight." Proceedings of the 32nd Annual ACM Symposium on User Interface Software and Technology. 2019.

Sense of Body Ownership



Berger, C. C., & Gonzalez-Franco, M. (2018). Expanding the 

sense of touch outside the body. In Proceedings of the 15th 

ACM Symposium on Applied Perception (p. 10). ACM.

Geldard & Sherrick (1972). Science

Feeling touch outside of the body



Motor Coin Vibrator





Delusions of the 
perceptual system
- Our brain will believe the stimuli to be real 

when exposed to congruent inputs

- Under correct stimulation we can affect our 
own body experience

George Hodan



Botvinick & Cohen - Nature 1998



Bodily illusions 
on avatars

EVENTLab – Universitat de Barcelona
Spanlang et al. (2014) How to Build an Embodiment Lab: Achieving Body 
Representation Illusions in Virtual Reality Frontiers in Robotics and AI



Embodiment illusion

Spanlang et al. (2014) How to Build an Embodiment Lab: Achieving Body 
Representation Illusions in Virtual Reality Frontiers in Robotics and AI

[Slater et al 2010 Siggraph]



Sense of Self Location

Sense of Agency

Sense of Body Ownership



Sense of Body Ownership

Gonzalez-Franco et al. (2010) The Contribution of Real-Time Mirror Reflections of Motor Actions on
Virtual Body Ownership in an Immersive Virtual Environment IEEE VR



Sense of Body Ownership

Gonzalez-Franco et al. A threat to a virtual hand elicits motor cortex 
activation. Experimental Brain Research (2014)



A threat to the Virtual Body

[Libet et al 1983, Eimer 1998]

Gonzalez-Franco et al. A threat to a virtual hand elicits motor cortex 
activation. Experimental Brain Research (2014)



Sense of Agency

Padrao, Gonzalez-Franco et al. 2016. Violating body semantics: neural signatures of 
self-generated and external-errors.  NeuroImage (2016)



[Gallagher 2000, Frith et al. 2000 ]

Disrupting the sense of agency of the VB

Error Monitoring Models. Motor Control

N400

ERN

Padrao, Gonzalez-Franco et al. 2016. Violating body semantics: neural signatures of 
self-generated and external-errors.  NeuroImage (2016)



https://notebooks.azure.com/margon/projects/EmbodimentQuestionnairePCA

Gonzalez-Franco M and Peck TC 

(2018) Avatar Embodiment. Towards

a Standardized Questionnaire Front. 

Robot. AI

Beyond electrophysiology: questionnaires

https://notebooks.azure.com/margon/projects/EmbodimentQuestionnairePCA


Gonzalez-Franco et al (2020) The Self-Avatar Follower Effect in Virtual Reality IEEE VR

If we drift the avatar, the user will try to compensate

self-avatar follower effect.

Self-avatar follower effect



Embody avatars of different shape, size, gender etc

Abtahi,et al. (2019) I'm a giant: Walking in large virtual environments at high speed gains ACM CHI



Embodiment in Robots

Kishore, Gonzalez-Franco et al. MIT Presence Teleoperators (2014)



Embodiment increases haptic experiences

Gonzalez-Franco & Berger (2019) Avatar Embodiment Enhances Haptic 
Confidence on the Out-of-Body Touch Illusion. IEEE Transactions on Haptics



Many Individual Differences In Embodiment across participants

Gonzalez Franco,et al. (2019) Individual Differences in 
Embodied Distance Estimation in Virtual Reality IEEE VR



Enfacement



No N170 differences:

same class of object

P200/N250 250-300ms

self-recognition

Virtual FacesReal Faces

Self-recognition on Avatars
Gonzalez-Franco et al. 2016. The neurological traces of look-alike avatars
Frontiers in Human Neuroscience 



Complex system
Self-recognition on Avatars

Gonzalez-Franco et al. 2016. The neurological traces of look-alike avatars
Frontiers in Human Neuroscience 



Enfacement on Avatars

Gonzalez-Franco et al.  2020 Using Facial Animation to Increase the 
Enfacement Illusion and Avatar Self-Identification. IEEE VR. 
IEEE Transactions on Visualization and Computer Graphics



Enfacement on Avatars

Gonzalez-Franco et al.  2020 Using Facial Animation to Increase the 
Enfacement Illusion and Avatar Self-Identification. IEEE VR. 
IEEE Transactions on Visualization and Computer Graphics



Avatar BEHAVIOUR



Meehan et al. Siggraph 2002

Place Illusion

Plausibility Illusion

Presence 
Illusion

Sanchez-Vives & Slater Nat Neurosci 2005

REALISTIC 

BEHAVIOR





Realistic reactions when interacting with avatars

Gonzalez-Franco et al. 2019 Participant concerns for the Learner in a Virtual Reality replication of the Milgram obedience study. Plos One 





https://github.com/microsoft/Microsoft-Rocketbox

Gonzalez-Franco, Ofek, Pan, Antley, Steed, Spanlang, Maselli, Banakou, Pelechano, Orts Escolano, Orvahlo, Trutoiu, Wojcik,  
Sanchez-Vives, Bailenson, Slater, and Lanier. Frontiers in VR (in review) "Importance of rigging for procedural avatars. Microsoft 
Rocketbox a public library."

https://github.com/microsoft/Microsoft-Rocketbox
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